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© Improved atherectomy catheter. 



© An atherectomy device includes a transparent 
lumen or sheath for providing inflation medium to an 
inflatable balloon. In one embodiment a dual lumen 
flexible tube includes an opaque flexible torque 
member (90) in a first lumen (89), while the second 
lumen (92) serves as an inflation lumen. The distal 
end of the inflation lumen (92) is expanded to define 
the balloon (102), and no seals are needed between 
the balloon and the inflation lumen. A vent tube (108) 
is provided for bleeding air from the balloon as it is 
inflated with incompressible medium. 
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IMPROVED ATHERECTOMY CATHETER 



The present invention relates generally to the 
construction of atherectomy catheters for removing ( 
atheromas from patient's arteries. In particular, the 
present invention relates to atherectomy devices 
using an inflatable balloon for effecting contact 
between a cutting blade and the atheroma. 

Atherosclerosis is a condition characterized by 
fatty deposits (atheromas) in the intimal lining of a 
patient's arteries. Atherosclerosis can have many 
manifestations* including angina, myocardial infarc- 
tion, strokes, hypertension, and the like. Initially, 
the atheromas deposited in the blood vessels re* 
main relatively soft and tractable. Over time, how- 
ever, the atheromas become calcified and har- 
dened. 

Atherectomy is a procedure which has been 
developed for removing atheromas from the vascu* 
tar system, usually before substantial calcification 
has occurred. Atherectomy procedures utilize spe- 
cial catheters having a severing instrument located 
at a distal end thereof and, usually, an inflatable 
balloon located opposite the severing instrument. 
The catheter is positioned within the vascular sys- 
tem so that the severing instrument lies adjacent 
the atheroma and the balloon is inflated to bring 
the severing instrument into close proximity with 
the atheroma The severing instrument is then ac- 
tuated to excise the atheroma, and the severed 
material captured to prevent the release of emboli. 

The severing instrument on the atherectomy 
catheter can take a variety of forms, including fixed 
blades, (requiring movement of the entire catheter 
to effect cutting) and movable blades which can be 
actuated without movement of the catheter as a 
whole. Of particular interest to the present invention 
are atherectomy catheters having rotatable cutting 
elements which can be advanced across an ap- 
erture formed in a housing. The balloon is mounted 
on the housing so that the atheroma may be urged 
into the aperture with the cutting blade being ad- 
vanced to sever the atheroma. 

Heretofore, atherectomy devices have suffered 
from deficiencies in the manner in which inflation 
medium is supplied to the inflatable balloon. At- 
herectomy catheters generally require a torqueable 
shaft within the catheter body which allows the 
cutting head to be rotatably aligned with the at- 
heroma after the catheter has been placed within 
the vascular system. Such torqueable shafts are 
typically formed from braided metal or other opaq- 
ue materials which prevent viewing of the interior of 
the catheter. Thus, inflation supply tubes which are 
interior to the shaft are not visible, preventing ex- 
amination for air bubbles. Air bubbles within the 
inflation medium are, of course, unacceptable as 



they could lead to air emboli should the inflatable 
balloon burst. Additionally, the atherectomy cath- 
eters have suffered from problems in the sealing 
and joining of the inflation medium supply tube(s). 

5 As most atherectomy devices employ inflatable 
balloons which are separate from the tube or other 
member supplying inflation medium, a potential 
failure point is found at the junction between the 
inflation medium supply tube and the balloon. 

jo Another problem with atherectomy catheters 
(and other catheters having inflatable balloons) re- 
sults from the need to purge air from the balloon as 
it is being inflated with incompressible inflation 
medium. Heretofore, balloon angioplasty devices 

r5 have usually employed a small orifice permanently 
formed in the distal tip of the balloon to allow air 
bleeding during the priming of the system with 
inflation medium. The orifice allows air to bleed, 
while substantially preventing passage of the more 

20 viscous liquid inflation medium. A second approach 
with balloon angioplasty devices has been the in- 
corporation of a metal vent tube extending from the 
balloon to a vent tube port at the proximal end of 
the catheter. Once the balloon is filled with contrast 

25 medium, the vent tube is removed before perform- 
ing the angioplasty. This design, however, is some- 
what complex and cumbersome and requires a 
larger diameter catheter shaft to accomodate the 
vent tube. 

30 For the above reasons, it would be desirable to 
provide atherectomy catheters where the entire bal- 
loon inflation system within the device is visible to 
the user while the device is being primed with 
inflation medium. Such visibility will allow the user 

35 to check for air bubbles which would endanger the 
patient should the inflatable balloon on the device 
burst during use. Additionally, it would be desirable 
to provide atherectomy devices having improved 
seal means between the inflatable balloon and the 

40 tube or lumen supplying inflation medium through 
the length of the catheter. It would be particularly 
desirable if the balloon could be formed integrally 
(without joints) with the inflation medium supply 
tube or lumen. Finally, it would be desirable to 

45 provide such atherectomy catheters having Im- 
proved vent means to allow purging of air during 
priming of the catheter with inflation medium. 



so Description of the Background Art 

U.S. Patent Nos. 4,323,071 and 4,411,055 dis- 
close balloon-tipped angioplasty catheters formed 
from inner and outer coaxial tube members. The 
outer coaxial tube defines the inflation balloon at its 
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distal end and serves to carry inflation medium 
along the length of the catheter. U.S. Patent Nos. 
4,627,436 and 4.685,458 describe atherectomy de- 
vices which utilizes a fixed blade to sever at- 
heroma. A lumen within the device carries inflation s 
medium to a balloon located opposite the blade at 
the distal end of the device. U.S. Patent No. 
4,669,469 describes a single lumen atherectomy 
device where both a cutter cable and inflation me- 
dium pass through the lumen. The lumen is con- ro 
nected to the interior of an inflation balloon and the 
cutter cable is sealed by an O-ring. EPO 0163502 
discloses an atherectomy device including a small 
diameter, discrete tube passing through a central 
lumen for providing inflation medium to an inflat- is 
able balloon. American Edwards Laboratories, San- 
ta Ana, California, sells a balloon-tipped catheter 
having discrete inflation and vent lumens extending 
from the entire catheter length, as illustrated in 
sales sheet 132-8/86-LIS. 20 



SUMMARY OF THE INVENTION 



The present invention provides an improved 
atherectomy device comprising a flexible catheter 
body having proximal and distal ends. A cutter 
housing is disposed at the distal end of the cath- 
eter body and connected to an opaque torque 30 
member. An inflation balloon is disposed adjacent 
to the cutter housing so that, when inflated inside a 
blood vessel, the cutter housing will be urged 
against an atheroma. An inflation tube or lumen 
runs from the proximal end to the distal end of the 35 



catheter body and is substantially transparent along 
its entire length so that the user can observe any 
air bubbles which may be present while priming 
the catheter with inflation medium. 

In a first aspect, the present invention provides 
an inflation balloon which is integrally formed from 
one lumen of a multiple lumen flexible tube. The 
balloon is conveniently formed by thermal expan- 
sion of the distal end of the lumen, with the remain- 
ing length of the lumen then providing a connection 
for the inflation medium. The opaque torque tube is 
disposed in a second of the lumens, with the 
second lumen normally being constricted over the 
torque tube to provide strong bonding. This con- 
struction has particular advantages since there are 
no seals required between the inflation balloon and 
the inflation medium supply lumen. Moreover, the 
inflation balloon is firmly attached to the cutter 
housing which will normally be disposed in the 
second lumen with the torque tube. Thus, the infla- 
tion balloon will remain properly aligned with the 
cutter housing at all times. 

In a second aspect, the atherectomy device of 



the present invention utilizes a substantially trans- 
parent outer sheath over the catheter body for 
delivering inflation medium to the inflatable balloon. 
The catheter body usually consists of the opaque 
torque member, with the inflation medium being 
clearly visible in an annular lumen formed between 
the sheath and the torque member. Although the 
balloon will be formed separately from the sheath, 
good connections may be provided by including a 
connector tube which fluidly couples the annular 
lumen defined by the sheath and the interior of the 
inflatable balloon. The outer sheath may be con- 
stricted over the end of the balloon and the cou- 
pling tube by heat shrinking, adhesives, and/or a 
separate sealing strap provided to assure a leak 
proof seal. This embodiment of the invention is 
particularly advantageous since it provides a com- 
pletely symmetric construction which reduces or 
eliminates whipping and snapping of the catheter 
which can result from asymmetric placement of an 
inflation lumen or tube. 

In a third aspect of the present invention, novel 
vent systems are provided for each of the catheter 
constructions described above. A non-removable, 
flexible vent tube may be inserted through the 
distal tip of the inflatable balloon. The vent tube, 
which may conveniently be fused silica, is prefer- 
ably placed through an open end of the balloon 
during fabrication, and the balloon constricted 
about the vent tube by heat shrinking or by bond- 
ing with a flexible adhesive. Alternatively, a rigid 
vent tube may be removably inserted through a 
distal tip of the balloon. In that case, the tube is 
passed through an elastomeric sleeve and a resil- 
ient strap holds the vent tube in place prior to use. 
The resilient strap will automatically seal the. open- 
ing which is left when the vent tube is removed 
from the elastomeric sleeve after the catheter is 
primed* with inflation medium. These systems are 
40 advantageous over vent systems employing a vent 
tube or lumen running the length of the catheter 
because they are less awkward to use, vent more 
rapidly, and do not require an increased tube dianv 
ter to accomodate the vent. They are advantageous 
45 over orifice vents because they vent more rapidly 
and are more reliable. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a perspective view of a first em- 
bodiment of the catheter of the present invention. 
Fig. 2 is an elevational view of the distal end 
ss of the catheter of Fig. 1. shown in section. 

Fig. 3 is a cross-sectional view taken along 
line 3-3 in Fig. 2. 

Rg. 4 is a perspective view of a second 
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embodiment of the catheter of the present inven- 
tion. 

Fig. 5 is an elevational view of the distal end 
of the catheter of Fig. 4, shown in section. 

Fig. 6 is a cross-sectional view taken along 
line 6-6 of Fig. 5. 

Fig. 6A is similar to Fig. 6. but illustrates a 
third lumen in the catheter. 

DESCRIPTION OF THE SPECIFIC EMBOOI- 
~ MENTS 



Referring to Figs. 1-3. an atherectomy catheter 
10 includes a proximal end 12 and a distal end 14. 
A manifold connector 16 at the proximal end 12 
includes a conventional rotatable fitting 18 for join- 
ing the manifold 16 to a flexible catheter body 30. 
A balloon port 20 and flush port 22 are provided 
and connected to the catheter body 30, as de- 
scribed in greater detail hereinafter. A driver con- 
nection 24 is attached to cutter torque cable 26, 
and is able to rotate and axially translate the cable, 
typically using a motor drive unit (not illustrated) 
such as that described in co-pending application 
serial number 843,743, the disclosure of which is 
incorporated herein by reference. The design and 
construction of the manifold connector 16 is con- 
ventional and need not be described further. Gen- 
eral consideration relating to the design and con- 
struction of atherectomy catheters are described in 
copending application serial no. 732.691, the dis- 
closure of which is incorporated herein by refer- 
ence. The constructions of the present invention 
may also find use with balloon-assisted vascular 
incision devices as described in co-pending ap- 
plication serial no. 142,382, the disclosure of which 
is incorporated herein by reference. 

The catheter body 30 is that portion of the 
atherectomy catheter 10 which extends from the 
manifold housing 16 to a cutter housing 32 at the 
distal end. Referring to Fig. 3 in particular, the 
catheter body 30 includes a flexible torque mem- 
ber 34 and an outer sheath member 36 in addition 
to the cutter torque cable 26. The flexible torque 
member 34 will be fixedly attached to the manifold 
housing 16 so that rotation of the manifold housing 
will result in rotation of the catheter body along its 
entire length, resulting in rotation of the cutter 
housing 32. The flexible torque member 34 will 
normally be a braided metal cable, typically a 
stainless steel braided cable, as described in co- 
pending application serial no. 07/132,675, the dis- 
closure of which is incorporated herein by refer- 
ence. It is important that the flexible torque mem- 
ber be highly flexible, yet capable of transmitting 
torque along its entire length with a minimal loss of 
transmission efficiency. The diameter of the flexible 



torque member 34 will vary depending *on the 
intended application of the catheter 10, generally 
being in the range from about 1 mm to 4mm, 
usually being in the range from about 2 to 4 mm 

s for peripheral arteries and in the range from about 
1 to 2 mm for coronary arteries. 

The outer sheath 36 will be transparent along 
its entire length, conveniently be fabricated from a 
thermoplastic, such as nylon, polyurethane, poly- 

io ethylene terephthalate (PET), polyvinyl chloride 
(PVC), heat-shrinkable polyethylenes, and the like. 
Typically, the sheath 36 will have a relatively thin 
wall, usually having a thickness in the range from 
about 0.05 mm to 0.3 mm. more usually having a 

;5 thickness in the range from about 0.07 mm to 0.15 
mm. The diameter of the sheath 36 will be slightly 
greater than the outside diameter of flexible torque 
member 34, thus defining a first annular lumen 38. 
The width of the lumen 38 will usually be in the 

20 range from about 0.05 mm to 0.3 mm, more usu- 
ally being in the range from 0.1 mm to 0.2 mm. 
When using a heat-shrinkable material, the diam- 
eter can be controlled precisely by constricting the 
sheath material about a mandrel having a desired 

25 diameter. 

The cutter torque cable 26 extends through the 
lumen of flexible torque member 34, having a di- 
ameter in the range from about 0.4 mm to 1.5 mm, 
• usually being in the range from about 0.5 mm to 

30 1.0 mm. Conveniently, the cutter torque cable 26 
may be formed from multi-stranded stainless steel 
wire. If it is desired to pass a steerable guidewire 
through the center, the cable 26 should be formed 
into a tube, typically a braided tube, such as a 

35 stainless steel braid, coated with a plastic, such as 
a urethane. 

The first annular lumen 38 is formed between 
the outer sheath 36 and the outside flexible torque 
member 34, white a second annular lumen 40 is 

40 formed between the inside wall of flexible torque 
member 34 and the outside of the cutter torque 
cable 26. The first annular lumen 38 is connected 
with the balloon inflation port 20 on manifold hous- 
ing 16, while the second annular lumen 40 is 

45 connected to the flush port 22. During use of the 
atherectomy catheter 10, the balloon inflation port 
20 will be connected to a suitable source of balloon 
inflation medium, while the flush port 22 will be 
connected to a suitable flushing solution. 

50 Cutter housing 32 is generally a hollow cylin- 
drical structure which is fixedly attached to the 
distal end of flexible torque member 34, thus for- 
ming an extension thereof. The cutter housing will 
usually be a rigid structure, typically formed from 

55 stainless steel or other surgically acceptable met- 
als, but may also be a flexible structure is de- 
scribed in co-pending application serial number 
834,947, the disclosure of which is incorporated 
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herein by reference. An elongate aperture 42 is 
formed on a one side of the cutter housing 34, and 
a cup-shaped cutting blade 44 is rotatably mounted 
within the interior thereof. The length of the cutter 
housing is not critical, typically being in the range 
from about 10 mm to 50 mm. usually being in the 
range from 12 mm to 40 mm. The elongate ap- 
erture 42 will typically have a length in the range 
from about 5 mm to 45 mm and a width in the 
range from about 1 mm to 4 mm. The cutting blade 
44 is attached to the distal end of cutter torque 
cable 26, so that the blade 34 may be rotated and 
axiaJly translated by manipulation of the cutter 
blade attachment member 24. Conveniently, motor- 
ized means for rotating and translating the cutter 
blade may be provided, as described in co-pending 
U.S. patent application serial no. 843,743, previous- 
ly incorporated herein by reference. 

An inflatable balloon 50 is secured to the cutter 
housing 32 generally on the side opposite to the 
aperture 42. Hie inflatable balloon 50 will be 
formed from transparent materials, typically trans- 
parent thermoplastics, such as polyurethane-based 
copolymers and cross-linked polymers. Typically, 
the balloon will have a width, when fully inflated, of 
approximately 1 mm to 6 mm, more usually about 
2 mm to 4 mm. 

The balloon 50 must be fluidiy connected to 
the interior lumen 38 which carries the inflation 
medium. Conveniently, a connector tube 54 will be 
provided between the annular lumen 38 and the 
interior of balloon 50. The distal end of the sheath 
36 may then be sealed to the catheter 10 and 
about the tube 54, typically by heat shrinking or 
shrinkage. The resulting constriction 56 will provide 
a fluid tight seal, preventing leakage of the inflation 
medium. Moreover, because both the balloon 50 
and sheath 36 are formed from a transparent ma- 
terial, the user of the catheter may easily check for 
bubbles which might remain in the catheter after 
priming. Optionally, a sealing sleeve or strap (not 
illustrated) may be provided around the constriction 
56 in order to further assure a leak-tight seal. 
Alternatively, the connector tube 54 could be elimi- 
nated and the balloon tube 50 should be bonded 
directly to lumen 38 of sheath 36. 

In order to vent air from the balloon 50, as it is 
being primed with inflation medium, a vent tube 60 
is provided. The vent tube 60 may be formed from 
any surgically acceptable material, typically being 
stainless steel and will have a length in the range 
from about 10 mm to 40 mm and an inner diameter 
in the range from about 0.05 mm to 0.8 mm. The 
vent tube 60 is inserted through the distal end of 
balloon 50, passing through an elastomeric. typi- 
cally latex or silicone, seal sleeve 62. A resilient 
strap 64, typically formed from nylon line, is pro- 
vided about the balloon 50 at the point of entry of 



the vent tube 60. The strap 64 not only serves to 
hold the distal end of the balloon 50 in place, but 
also acts to seal the opening left after removing the 
vent tube 60. The latex sleeve 62 further assures 

s sealing by expanding to fill the opening. 

A flexible open-ended tip 70 is attached to the 
distal end of cutter housing 32, forming a continu- 
ous interior volume therewith. The interior volume 
of the tip is capable of receiving and retaining 

io atheroma material which is severed by blade 98 as 
it is brought forward in the housing 32. The flexible 
tip 20 also facilitates positioning the catheter 10 
over a conventional guidewire 72 in the vascular 
system. The flexible tip 70 is conveniently formed 

75 from a braided material typically braided stainless 
steel, and is attached to the cutter housing 32 by 
conventional means. 

Referring now to Figs. 4-6. an alternative em- 
bodiment 80 of the catheter of the present inven- 

20 tion will be described. The catheter 80 includes a 
manifold housing 16 which is substantially the 
same as manifold housing 16 in Fig. 1. Corre- 
sponding reference numerals refer to the same 
elements in both Figs. 1 and 4. 

25 Catheter body 82 extends from proximal end 
84 to distal end 86 of the atherectomy catheter 80. 
The catheter body 82 includes a multiple lumen 
flexible tube 88 including at least a first lumen 89 
and a second lumen 92 (with a third lumen 93 

30 illustrated in Fig. 6A). A flexible torque member 90 
is disposed in a first lumen 89, while the second 
lumen 92 defines an inflation conduit and inflatable 
balloon 102, as will be described in more detail 
hereinafter. Cutter torque cable 94 passes through 

35 the interior of flexible torque member 90, and the 
construction of both the flexible torque member 90 
and cutter torque cable 94 are substantially similar 
to the constructions described for the correspond- 
ing elements 3.4 and 26 in Figs. 1 3. 

40 The flexible tube 88 will be composed of a 

translucent thermoplastic material, such as a heat- 
shrinkable polyethylene. The initial size of the two 
lumens 89 and 92 is not critical so long as they 
may be manipulated to assume the desired final 

45 dimensions, as described below. Initially, the first 
lumen 89 wilt be expanded using hot air and inter- 
nal pressure. The flexible torque member 90 may 
then be inserted into the expanded lumen 89, and 
the lumen further heated (without internal pressure) 

so in order to constrict the tube 88 about the flexible 
torque member. Conveniently, a space maintainor 
(not illustrated), such as a teflon rod, may be 
inserted in the second lumen while the flexible 
torque member 90 is being inserted into the first 

55 lumen 89. Conveniently, the teflon rod will have the 
desired diameter for the final inflation lumen so that 
such diameter is simultaneously achieved, while 
the flexible torque member 90 is being inserted. 
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The diameter of the first lumen will depend on the 
outer diameter of the flexible torque member 90. 
typically being between about 1 mm and 4 mm, 
more typically being between about 1.5 mm and 3 
mm. The inflation lumen 92 will have a diameter in 
the range from about 0.3 mm to 1.0 mm, more 
usually being in the range from about 0.4 mm to 
0.7 mm. Optional third lumen 93 will typically be 
utilized for receiving a steerable guidewire (not 
illustrated) to allow positioning of the catheter in a 
conventional manner. Additional lumens (not illus- 
trated) may be provided in the flexible tube 88 as 
desired for other purposes. 

The distal end 86 of the catheter 80 includes a 
cutter housing 96 which is fixedly attached to the 
distal end of the flexible torque member 82. A 
cutter member 98 is attached to the distal end of 
cutter torque cable 94, and is able to be rotated 
and axially translated past aperture 100 formed in 
the cutter housing 96. The construction of the cut- 
ter housing 96 and cutter member 98 are substan- 
tially the same as described previously in Figs. 1-3. 

Balloon 102 is formed by expanding the infla- 
tion lumen 92 adjacent to the cutter housing 96. 
Conveniently, expansion is achieved using hot air 
at an elevated pressure, and the final dimensions 
may be achieved by inserting an appropriate spac- 
er block and reheating the material to provide 
shrinkage. The dimensions of the balloon 102 will 
be generally the same as described for balloon 50 
hereinbefore. 

A flexible tip 106 is attached to the distal end 
of cutter housing 96, forming a continuous interior 
volume therewith in a manner similar to tip 70 in 
Figs. 1-3. The distal end of flexible tube 88 is 
constricted about the flexible tip 106 by heating, 
and a balloon vent is provided by inserting a flexi- 
ble tube 108, typically a fused silica tube, through 
the lumen 92 prior to constriction. Alternatively, the 
tube 108 can be bonded to the flexible tube 88 
with a flexible adhesive. After constriction, the flexi- 
ble tip 106, flexible vent tube 108 and constricted 
tubing 88 form a compliant tip for the catheter 
which facilitates positioning the catheter as de- 
scribed above. The flexible vent tube 108 will typi- 
cally have an inner diameter in the range from 
about 0.05 mm to 0.3 mm. 

Although the foregoing invention has been de- 
scribed in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be obvious that certain changes and modifica- 
tions may be practiced. 



Claims 

1 . An atherectomy device comprising: 
a substantially transparent flexible tube having at 



least two lumens extending from a proximal end to 
a distal end; 

a flexible torque member disposed within a first of 
the lumens, said torque member being opaque and 
5 having an open interior; and 

a housing disposed within the distal end of the first 
lumen and joined to the flexible torque member, 
said housing including means for severing at- 
heroma; 

iq wherein a second of the lumens is formed into an 
inflatable balloon at the distal end of the tube 
adjacent the housing. 

2. An atherectomy device as in claim 1, 
wherein the first lumen is shrunk tightly about the 

/s flexible torque member. 

3. An atherectomy device as in claim 1, 
wherein the flexible torque member is a braided 
tube having a diameter from about 1 mm to 4 mm. 

4. An atherectomy device as in claim 1, 
20 wherein said housing includes an axially elongated 

aperture and said severing means comprises a 
rotatable blade mounted within the housing and a 
flexible cable attached to the blade, said cable 
being capable of rotating and axially translating the 
25 blade past the elongated aperture. 

5. An atherectomy device as in claim 4, 
wherein the inflatable balloon is disposed on the 
side of the housing opposite the aperture. 

6. An atherectomy device as in claim 1 , further 
30 including a flexible vent tube disposed through a 

distal end of the second lumen and extending into 
the interior of the inflatable balloon, whereby air 
within the balloon and the second lumen may be 
bled during inflation of the balloon with an in- 
35 compressible fluid. 

7. An atherectomy device as in claim 1, 
wherein the flexible tube includes at least a third 
lumen capable of receiving a steerable guidewire. 

8. An atherectomy device comprising: 

40 a flexible tube having a central lumen extending 
from a proximal end to a distal end; 
a flexible torque member disposed within said cen- 
tral lumen; 

a housing joined to the torque member at its distal 
45 end, said housing including means for severing 
atheroma on one side thereof; 
an inflatable balloon attached to the housing on a 
side opposite from the severing means; and 
a substantially transparent sheath disposed over 
so the flexible tube and defining an annular lumen 
from the proximal to distal ends, said annular 
lumen being fluidly connected to the balloon to 
allow inflation thereof. 

9. An atherectomy device as in claim 8, 
55 wherein the flexible tube is a flexible plastic tube 

having a diameter in the range from about 1 mm to 
4 mm. 

10. An atherectomy device as in claim 8, 
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wherein the flexible torque member is a braided 
tube having a diameter in the range from about 0.4 
mm to 1 .5 mm. 

11. An atherectomy device as in claim 8, 
wherein said housing includes an axially elongated 
aperture and said severing means comprises a 
rotatable blade mounted within the housing and a 
flexible cable attached to the blade, said cable 
being capable of rotating and axially translating the 
blade past the elongated aperture. 

12. An atherectomy device as in clam 11, 
wherein the inflatable balloon is disposed on the 
side of the housing opposite the aperture. 

13. An atherectomy device as in claim 6, fur- 
ther including a connector tube fluidly connecting 
the annular lumen formed by the sheath to the 
inflatable balloon. 

14. an atherectomy device as in claim 8, fur- 
ther including: 

a vent tube removably inserted into the interior of 
the inflatable balloon through one end thereof; and 
a resilient strap disposed about said one end of the 
balloon, whereby said strap closes the opening left 
when the vent is removed from the balloon. 

15. A vascular catheter comprising: 

a flexible tube having at least one lumen extending 
from a proximal end to a distal end, said lumen 
being formed into an inflatable balloon located at 
the distal end of the flexible tube; 
means for inflating the balloon with an incompress- 
ible fluid from the proximal end of the flexible tube; 
and 

a flexible vent tube disposed through a distal end 
of the lumen and extending into the interior of the 
inflatable balloon, whereby air within the balloon 
and inflation means may be bled during inflation of 
the balloon with an incompressible fluid. 

16. A vascular catheter as in claim 15, wherein 
the distal end of the balloon has been heat sealed 
about the vent tube. 

17. A vascular catheter as in claim 15, wherein 
the vent tube has been bonded in the distal end of 
the balloon with a flexible adhesive. 

18. A vascular catheter as in claim 15, wherein 
the vent tube is fused silica. 

19. A vascular catheter as in claim 15, wherein 
the inner diameter of the vent tube is in the range 
from about 0.01 mm to 0.05 mm. 

20. A vascular catheter comprising: 

a flexible tube having a proximal end and a distal 
end; 

an inflatable balloon disposed at the distal end of 
the tube; 

a vent tube removably inserted into the interior of 
the inflatable balloon through one end thereof; and 
a resilient strap disposed about said one end of the 
balloon, whereby said strap closes the opening left 
when the vent is removed from the balloon. 



21 . A vascular catheter as in claim 20, wherein 
the vent tube is stainless steel. 

22. A vascular catheter as in claim 20, wherein 
the inner diameter of the vent tube is in the range 

5 from about 0.05 mm to 0.3 mm. 

23. A vascular catheter as in claim 20, further 
comprising a resilient strap disposed about said 
one end of the balloon, whereby said strap closes 
the opening left when the vent is removed from the 

ro balloon. 
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